Background Three EQ-5D value sets (EQ-5D-3L, crosswalk, and EQ-5D-5L) are now available for cost-utility analysis in the UK and/or England. The value sets' characteristics differ, and it is important to assess the implications of these differences. Objective The aim of this paper is to compare the three value sets. Methods We carried out analysis comparing the predicted values from each value set, and investigated how differences in health on the descriptive system is reflected in the utility score by assessing the value of adjacent states. We also assessed differences in values using data from patients who completed both EQ-5D-3L and EQ-5D-5L. Results The distribution of the value sets systematically differed. EQ-5D-5L values were higher than EQ-5D-3L/ crosswalk values. The overall range and difference between adjacent states was smaller. In the patient data, the EQ-5D-5L produced higher values across all conditions and there was some evidence that the value sets rank different health conditions in a similar severity order. Conclusions There are important differences between the value sets. Due to the smaller range of EQ-5D-5L values, the possible change in quality-adjusted life years (QALYs) might be reduced, but they will apply to both control and intervention groups, and will depend on whether the gain is in quality of life, survival, or both. The increased sensitivity of EQ-5D-5L may also favour QALY gains even if the changes in utility are smaller. Further work should assess the impact of the different value sets on cost effectiveness by repeating the analysis on clinical trial data.
Introduction
In the economic evaluation of of health interventions, the quality-adjusted life year (QALY) is a commonly used metric that combines length and quality of life into a single figure. The quality, or utility, weight used in the estimation of QALYs is anchored on a full health (1) to dead (0) scale, with negative values assigned to health states considered worse than dead. Utility values for health states associated with a particular condition or disease can be derived in several ways, one of which is via the use of preferencebased measures (PBMs) of health. Of currently available PBMs, the EQ-5D [1, 2] is the most widely used.
EQ-5D classifies health on five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/ depression. The original version of the EQ-5D (described as EQ-5D-3L) included three severity levels (none, some, extreme/unable to) 1 , thereby describing (3 5 =) 243 health states. In the UK, utility values for EQ-5D-3L health states were derived using the time trade-off (TTO) preference elicitation technique [3] . The resulting 'value set' has been widely influential, and is preferred by the National Institute for Health and Care Excellence (NICE) for use in the costutility analysis of health interventions [4] . EQ-5D-3L values are also accepted by reimbursement agencies worldwide, including the Pharmaceutical Benefits Advisory Committee (PBAC) in Australia [5] and the Canadian Agency for Drugs and Technology in Health (CADTH) in Canada [6] . The instrument itself is also used in a wide range of settings, including population health surveys and routine clinical practice [7] .
Notwithstanding the widespread use of the EQ-5D-3L descriptive system and value set, research has suggested that both have a number of limitations. Regarding the descriptive system, it has been shown that the EQ-5D-3L is not sensitive to the important quality of life impacts of all conditions [8, 9] . It may also not be sensitive to smaller changes in health as it only has three response levels in each dimension, and in general public and some patient samples, a substantial proportion of respondents report themselves as being in the best health state, i.e. no problems on any dimension (11111). This is known as a ceiling effect [10] . Regarding the value set, the procedure and modelling used to elicit values for worse than dead health states has been criticised [11] . Furthermore, the EQ-5D-3L valuation data were collected in 1993, and population preferences for different aspects of health and quality of life may have changed in this time given advances in treatment and care. Social and environmental changes may also be important.
In an effort to improve the instrument's sensitivity and reduce the ceiling effect, a five-level descriptive system, the EQ-5D-5L [12] , was developed. The new instrument includes five response levels (none, slight, moderate, severe, extreme/unable to). The wording was also standardised across dimensions so that the worst level of mobility was changed from 'confined to bed' to 'unable to walk about', which is in line with the severity indicators used for the other functioning dimensions (self-care and usual activities). The intermediate severity level was also standardised to be 'moderate'. The EQ-5D-5L increases the number of states described to (5 5 =) 3125. Research has shown improved measurement properties of the EQ-5D-5L descriptive system across a number of patient samples when compared to the EQ-5D-3L [13] .
One consequence of this initiative was the need to develop value sets for the new descriptive system that reflect more up-to-date preferences of the population for health and quality of life, and this resulted in two separate developments. Firstly, an interim 'crosswalk' value set was developed so that EQ-5D-3L values could be used to predict EQ-5D-5L values [14] . Secondly, in order to elicit values for health states generated by the EQ-5D-5L descriptive system, a new valuation protocol combining TTO and discrete choice experiment (DCE) methods was developed [15] . This protocol used a 'composite' TTO approach combining standard and 'lead time' TTO [15] [16] [17] . In England, health states generated by the EQ-5D-5L were valued during 2012 and 2013 using this protocol and subsequently modelled using newly developed techniques that combined TTO and DCE data in a hybrid model to produce an EQ-5D-5L value set [18, 19] .
Three EQ-5D value sets are therefore now available for use in cost-utility analysis in the UK and/or England, those being the EQ-5D-3L value set, the crosswalk value set mapping the EQ-5D-5L descriptive system onto the EQ-5D-3L value set, and the EQ-5D-5L value set. The first two of these were developed based on valuations from respondents in the UK, while the latter was based on valuations from respondents in England only. However, this is only one way in which they differ. As noted, they are also based on different descriptive systems, valuation protocols, and modelling methods. Given widespread and increasing use of the EQ-5D-5L in decision making, it is important to systematically assess the differences between the value sets, and the implications of the new values. For example, in recent work, it has been found that quality of life changes are valued less using the EQ-5D-5L value set [20] . At the end of 2017, NICE released a position statement regarding the use of the EQ-5D-5L stating that ''the mapping function developed by van Hout et al. [14] [i.e. the crosswalk value set] should be used for reference-case analyses'' until its position is reviewed in 2018 [21] . This means that the UK crosswalk is currently important in health technology assessment (HTA) carried out by NICE, and the results of studies comparing the new EQ-5D-5L value set with the crosswalk and EQ-5D-3L will inform future decisions about which measure to use. Therefore the aim of this paper is to add to the literature in this area by comparing the UK EQ-5D-3L and English EQ-5D-5L value sets, and the EQ-5D-5L and crosswalk value sets.
Methods

The Value Sets
In the sections below, EQ-5D health states are described using five digits corresponding to each dimension and each level. The dimensions are listed in the order presented on the questionnaire (mobility, self-care, usual activities, pain/ discomfort, anxiety/depression). For the EQ-5D-3L, 1 represents no problems, 2 some problems, and 3 extreme problems/confined to bed. Therefore EQ-5D-3L state 22222 describes some problems on each of the five dimensions. For the EQ-5D-5L, 1 represents no problems, 2 slight problems, 3 moderate problems, 4 severe problems, and 5 extreme problems/unable to. Therefore EQ-5D-5L state 22222 describes slight problems on each dimension.
EQ-5D-3L
The UK EQ-5D-3L value set [3] was developed using data collected in 1993 from 2997 general population respondents who were sampled from the Postcode Address File. Respondents were recruited to be representative of the noninstitutionalised adult population of England, Scotland, and Wales, and had similar characteristics to the UK General Health Survey sample [3] . Each respondent completed a face-to-face interview and valued 13 states (12 EQ-5D-3L profiles plus 'unconscious') using TTO which included one procedure for states valued better than dead and a different process for states valued worse than dead. In total, 42 of the 243 EQ-5D-3L states were valued, with an overrepresentation of the mildest health states. The data were modelled using additive generalised least squares (GLS) regression to produce a value set ranging from 1 (for the best state, 11111) to -0.594 (for the worst state, 33333), with 34.6% of states valued as worse than dead. The model includes a constant subtracted for any move away from full health, a further decrement for each move away from 'no problems' for each dimension, and an additional term that is subtracted if any dimension is at the worst level (known as the 'N3 term'). The value set also has a large change in utility between 11111 and the next best state (11211, which is scored at 0.883).
Crosswalk
Crosswalk value sets were developed by van Hout et al. [14] from a multicountry study of respondents who completed both the EQ-5D-3L and EQ-5D-5L in 2010. The crosswalk used a non-parametric response mapping method to predict values that are linked to the EQ-5D-3L value set. The decrements for the 'equivalent' levels of the two descriptive systems are the same. This means that the decrements for level 3 of the EQ-5D-5L (moderate problems) are the same as level 2 of the EQ-5D-3L (some problems), and those for level 5 of the EQ-5D-5L are the same as level 3 of the EQ-5D-3L. This means that the range of values is the same (55555 on the EQ-5D-5L has the same value as 33333 on the EQ-5D-3L, and an example intermediate state 35353 on the EQ-5D-5L has the same value as 23232 on the EQ-5D-3L). The crosswalk can link EQ-5D-5L data to a range of existing international EQ-5D-3L value sets. For the purposes of this paper, we focus on the crosswalk to the UK value set.
EQ-5D-5L
The English EQ-5D-5L value set [18] was developed from 996 members of the general population who were purposively sampled from the Postcode Address File. In contrast to the EQ-5D-3L, respondents representative of the population of England (as opposed to the wider UK; a UK value set reflecting the preferences of respondents in England, Scotland, Wales, and Northern Ireland is due to follow) were recruited. The sample used differed slightly to the actual population as there were more older and retired people. Preferences were elicited using computer-assisted face-to-face valuation interviews that were conducted in 2012 and 2013. Respondents valued ten EQ-5D-5L states using composite TTO [15, 16] and completed seven DCE paired comparison tasks. In total, 86 states were valued in the TTO exercise and 196 pairs in the DCE tasks. The data was modelled using heterogeneous hybrid approaches combining the TTO and DCE data [19] . The resulting tariff ranges from 1 to -0.285, with 5.1% of the states valued as worse than dead. The model includes a decrement for each dimension for each move away from full health, and an extra 'scalar' coefficient. The range of values is therefore smaller than for the EQ-5D-3L, despite the considerable increase in the number of possible health states. The value of the mildest health states other than 11111 (12111 and 11211) is 0.950.
Analysis
We carried out an analysis comparing the predicted values from each of the three value sets, and also using patient reported EQ-5D-3L and EQ-5D-5L data. The patient data were taken from the crosswalk development study dataset where all respondents self-reported their health using both the EQ-5D-3L and EQ-5D-5L descriptive systems, thereby enabling direct comparisons. The key comparisons carried out were between the EQ-5D-3L and EQ-5D-5L value sets, and the EQ-5D-5L value set and the crosswalk tariff.
Comparison of Predicted Values
Comparing Value Set Models
Firstly we compared the coefficient models used to calculate the values. This was done to assess the overall magnitude of the coefficients for each dimension, and the impact of the various interaction coefficients included in each model on the values produced. We also compared the process for calculating values using an example health state.
Comparing Value Set Characteristics
We assessed a range of descriptive statistics of the possible theoretical values (i.e. 243 for the EQ-5D-3L and 3125 for the EQ-5D-5L). This included the value set range, the percentage of states valued as worse than dead, and the state with the smallest utility decrement from 11111. We looked at the modality of the overall distributions using kernel density histograms, and compared the values of selected states to demonstrate differences between the value sets.
Comparing Value Set Characteristics for Matched States
We carried out a comparative analysis on the states that are comparable across the EQ-5D-3L and EQ-5D-5L (i.e. the matched 243 states). The crosswalk value set is not relevant here, as for these states, the values are the same as the EQ-5D-3L tariff due to the response mapping procedure used. We considered comparable states to be those from the intermediate levels of the EQ-5D-5L descriptive system (i.e. none, moderate, and extreme/unable to) which, to a certain extent, 'match' the three-level states (as an example, the EQ-5D-3L state 12321 is defined as comparable to 13531 on the EQ-5D-5L). We assessed similarities and differences, both for individual states and at the overall level, to highlight where the largest differences occur across the value sets.
Comparing Differences in Utility Between Adjacent States
Analysis was also carried out to understand how changes in severity on the descriptive system are reflected by changes in utility. This was done by assessing the values of adjacent states within the descriptive system, and comparing the differences across the three value sets. An adjacent state pair was defined as having one dimension with a one-level difference (for example, calculating the change in utility between 21111 and 11111). This was done for states where only one dimension changed at a time, so we focused on the change in utility between level 3/5 and level 1 on one dimension, with the other four dimensions held at the same level. For example, for mobility, we compared the increase in utility between 51111, 41111, 31111, 21111, and 11111, and we repeated this for all five dimensions. The magnitude of the change between all level changes, and the matched states, was assessed. This analysis reflects the coefficient decrements in a different way and provides an insight about how change in self-reported health would lead to change in utility in the absence of longitudinal data.
Analysis on Patient Data
Data Used
The data used to develop the crosswalk value sets were used for the analysis. The data were collected online across a range of patient groups with different health conditions who completed both the EQ-5D-3L and EQ-5D-5L descriptive systems. More information about the data collection procedure is provided in van Hout et al. [14] .
Respondents from seven countries took part, but the analysis reported here used only the English and Scottish data. The characteristics of the 1501 respondents included are reported in Table 1 .
Comparing the Descriptive System and Value Sets
Firstly, we compared the number of respondents reporting each level of the two descriptive systems. This was done to understand how the addition of the two extra levels changes response patterns. We compared the values using density plots, and also by assessing the scores overall and across patient groups (with the exception of those with a sample size of less than 50) using one-way ANOVA and mean difference statistics. We also compared the agreement between the value sets using Bland-Altman plots [22] . These present the mean of two scores on the x-axis and the difference on the y-axis, with lines indicating the upper and lower limits of agreement [calculated as the mean difference ± 1.96 9 standard deviation (SD)] added. Agreement across the full severity range can then be assessed, with points outside the limits indicative of outliers.
Results
Comparison of Predicted Values
Comparing Value Set Models
The models used to derive EQ-5D-3L and EQ-5D-5L values are displayed in Table 2 . In each case, the coefficient decrements are larger for the more severe levels of each dimension and are therefore ordered as expected. Both models include a constant term, and in the EQ-5D-3L, this involves a decrement of 0.081 for the move away from the best health state (11111). The EQ-5D-5L constant is 1, and the coefficients are the mean coefficients from the modelling process after the application of the latent class adjustments. The magnitude of the dimension level coefficients between the EQ-5D-3L and EQ-5D-5L varies (for example, pain/discomfort has a larger overall decrement on the EQ-5D-3L and anxiety/depression has a larger decrement on the EQ-5D-5L). The EQ-5D-3L N3 term is an extra decrement when at least one of the levels is at the most severe (i.e. level 3), and therefore this reduces the value of the more severe states. Table 2 also displays how to calculate a value for a state. The calculation is for the value for EQ-5D-5L state 21223 and the equivalent EQ-5D-5L state 31335, and this shows that the EQ-5D-3L value is substantially lower (0.186 vs 0.488). Table 3 (adapted from Devlin et al. [18] ) compares the descriptive characteristics of the three value sets. The EQ-5D-5L value set has a higher value for the worst health state and substantially fewer worse than dead values. Also, the decrement from the best (11111) to next best health state (11211) is smaller for the EQ-5D-5L value set. This is expected given differences in labelling (e.g. 11211 describes 'slight' problems performing usual activities in the five-level instrument and 'some' problems in the threelevel version). In all three value sets, pain/discomfort has the largest overall decrement (but not at the less severe levels), while self-care and usual activities have the smallest. Figure 1 compares all unique theoretical values for the three value sets. The results demonstrate that the range for the EQ-5D-3L and crosswalk is different from the EQ-5D-5L. The large coefficients for level 3 on the EQ-5D-3L (and the impact of the N3 term) means that there is a higher density of lower values. The EQ-5D-5L is unimodal, whereas the EQ-5D-3L has multiple clusters, as has previously been observed [23] .
Comparing Value Set Characteristics
Comparing Value Set Characteristics for Matched
States Figure 2 displays the values of the comparable states from the EQ-5D-3L and the EQ-5D-5L value sets ordered by descending EQ-5D-5L value. EQ-5D-3L values are consistently lower across the full severity range. Figure 3 shows a histogram of the differences for each comparable state across the value sets, and a box plot of the mean difference by utility score category as a proxy for severity ADHD attention deficit hyperactivity disorder, COPD chronic obstructive pulmonary disease, SD standard deviation the largest difference is 32131 (53151 on EQ-5D-5L) (0.484), and the state with the smallest difference (excluding the best state) is 11212 (11313 on EQ-5D-5L) (0.023). dimensions. This may suggest that the use of the EQ-5D-3L value set would tend to result in larger QALY gains for purely quality of life-improving interventions. Regarding EQ-5D-5L, the largest change in value occurs in the move from severe (level 4) to moderate (level 3) reported health problems. In contrast, the largest change in the crosswalk value set is between extreme/unable to (5) and severe (4) which is comparatively small in the EQ-5D-5L value set. The change in the crosswalk values from slight (2) to no problems (1) is larger than for EQ-5D-5L. This means that interventions resulting in an improvement in both mild and more severe health may result in larger QALY gains if the crosswalk values were used. Table 5 displays the dimension level responses to the EQ-5D-3L and EQ-5D-5L and shows that the largest impact of the addition of the two intermediate levels (slight and severe) is to spread the 'some' responses on the EQ-5D-3L between levels 2-4 on the EQ-5D-5L. The introduction of 'slight' modestly reduces the ceiling effect as respondents move away from reporting no problems given the increased sensitivity. There is clear dispersion of scores from 'some' on the EQ-5D-3L across 'slight', 'moderate', and 'severe' on the EQ-5D-5L. EQ-5D-5L EQ-5D-3L Crosswalk Figure 4 compares the EQ-5D-3L, EQ-5D-5L, and EQ-5D-5L crosswalk values. For the EQ-5D-3L, there is not only a large decrease in values in the very mild area (due to the upper gap reflected by the large constant), but also in the moderate area around the values 0.25-0.45. In contrast, the EQ-5D-5L has a smoother distribution. This reflects a benefit of EQ-5D-5L: the increased sensitivity results in a much smoother transition between adjacent values that are Fig. 2 Values of comparable states ordered by EQ-5D-5L value Fig. 3 Histogram and box plot of differences between the EQ-5D-3L and EQ-5D-5L value sets closer together than on the EQ-5D-3L. The crosswalk value set distribution is more similar to the EQ-5D-5L, and the lack of EQ-5D-3L values in the range between approximately 0.25 and 0.45 is not apparent. Figure 5 compares the EQ-5D-3L and crosswalk with the EQ-5D-5L and shows that there are differences in values across the entire severity scale, but greater variation for more severe health states (where the mean utility value is lower for the EQ-5D-3L and crosswalk). Figure 6 displays Bland-Altman plots comparing EQ-5D-3L and EQ-5D-5L, and EQ-5D-5L and crosswalk scores. There is evidence of disagreement between values across the severity scale, where the difference is outside the ± 2 SD range. Disagreement means more diverse utility scores for states of a similar severity.
Comparing Differences in Utility Between Adjacent States
Comparisons Using Patient Data
Comparing the Descriptive System and Value Sets
The mean difference between the EQ-5D-3L and EQ-5D-5L values as reported by the patient sample is 0.073 (range -0.944 to 0.880 calculated as EQ-5D-5L minus EQ-5D-3L). Some respondents gave apparent inconsistent responses, and this results in the wide range overall. For example, the difference of -0.944 results from a patient reporting 21111 on EQ-5D-3L and 44444 on EQ-5D-5L. Comparing the EQ-5D-5L and crosswalk value sets, the mean absolute difference is 0.085 and ranges from 0.002 for the states with the smallest non-zero difference (44431, 42433, 43441, and 41231) to 0.429 (for state 51131). Table 6 compares the value set scores overall and across the different health conditions, with significance statistics reported for the conditions with more than 50 patients. As would be expected, the EQ-5D-5L values are higher, and the difference is significant for the four conditions with the largest sample size [chronic obstructive pulmonary disease (COPD), heart problems, arthritis, and depression]. Of the four conditions with a sample size of between 50 and 100, the difference tends towards significance for stroke and back pain, but not for attention deficit hyperactivity The 'difference matched' calculation refers to the difference between states that are matched across the EQ-5D-3L and EQ-5D-5L (e.g. 31111 on the EQ-5D-5L is equivalent to 21111 on the EQ-5D-3L) disorder (ADHD) or rheumatoid arthritis. The percentage of states worse than dead overall and also across each condition is lower for the EQ-5D-5L. Table 6 also displays the rank order of the severity of the conditions according to the mean utility values. There is evidence of consistency for seven of the 12 conditions, including the most (Parkinson's disease) and third most (back pain) severe conditions, and the five least severe (ADHD, breathing problems, arthritis, depression, and diabetes). The most variable condition is multiple sclerosis, which is second most severe according to the EQ-5D-3L, but fifth and sixth equal overall according to the crosswalk and EQ-5D-5L value sets, respectively.
Discussion
We have compared three EQ-5D value sets that can be used to support HTA in the UK. The comparison firstly investigated differences in the 'theoretical' values possible from the value sets for health states matched across the EQ-5D-3L and EQ-5D-5L descriptive systems and secondly compared values observed in patient data.
Regarding the theoretical values, the results demonstrate that there are differences between the EQ-5D-3L and EQ-5D-5L value sets, where the EQ-5D-5L values for matched states are higher, and the overall range and therefore change between adjacent states is smaller than for the EQ-5D-3L. The distribution of values also differs. There are similar differences between the EQ-5D-5L value set and the crosswalk tariff given that the latter is linked to the EQ-5D-3L value set. However, it is also worth noting that some underlying features of the preferences, and therefore utility scales, are similar. For example, the overall importance of each dimension to the overall value is similar, with only one difference (where the rank order of the dimensions is the same, apart from two dimensions, mobility and anxiety/ depression, changing position in the ordering in the EQ-5D-5L value set), and the relative distance between the levels for different dimensions is similar.
Regarding the observed values from the patient data, the EQ-5D-5L value set produces higher values overall and across all of the conditions included, and the differences are generally significant. This is expected given the overall increase in the values of matched states and reduction in the overall utility scale. There is some evidence that the value sets rank different health conditions in a similar order, particularly the most and least severe conditions as measured by the descriptive systems. However, this requires further exploration across a larger range of conditions. There are a number of possible reasons why the EQ-5D-3L and EQ-5D-5L value sets differ. These include differences in the samples used in terms of demographics and country. The EQ-5D-3L value set was based on a representative sample of England, Scotland, and Wales, whereas the EQ_5D-5L was based on just an English sample. This may have implications for decision making in the jurisdictions that are not represented. However, the project team has since collected EQ-5D-5L valuation data for the other countries in the UK so will be able to compare using a more representative sample (albeit one that is smaller than that used for the EQ-5D-3L). Potential changes in population demographics and preferences over time (from 1993 to 2013) are another possible reason why the value sets demonstrate differences. For example, the population is getting older [24] , and this might impact on preferences for CTB confined to bed (level 3 of the EQ-5D-3L mobility dimension) different health dimensions. One indication of change in preferences over time might be the increased magnitude of the anxiety/depression dimension given increased focus on the detrimental aspects of mental health conditions in policy [25] and reduction in stigma surrounding conditions such as depression [26] . Even without the development of the EQ-5D-5L, the currently used EQ-5D-3L value set is outdated and therefore would require updating anyway. Overall, the dimension preference structure between the EQ-5D-3L and EQ-5D-5L is similar, with only one inversion (anxiety/depression and mobility), which is encouraging given the differences between the studies. This may demonstrate that the order of preferences for the five areas of health described by the EQ-5D may be generally consistent over time.
Other reasons why the value sets may differ relate to the descriptive system and the valuation method used. Firstly, regarding the descriptive system, the EQ-5D-5L uses more EQ-5D-3L EQ-5D-5L Crosswalk Fig. 4 Comparison of all EQ-5D-3L,EQ-5D-5L and EQ-5D-5L crosswalk values Fig. 5 EQ-5D-3L and crosswalk patient values ordered by EQ-5D-5L consistent wording, particularly for the more severe levels, and it is possible that the change in labelling of the mobility dimension (from 'confined to bed' to 'unable to walk about') has impacted the values, where mobility has a smaller weighting in the EQ-5D-5L than in the EQ-5D-3L. The increase in levels and associated sensitivity also may impact the magnitude of the difference and transition between the intermediate levels and therefore the overall value set.
Secondly, the valuation method differs, particularly regarding the process used to value states worse than dead, which was problematic for the EQ-5D-3L [11] . The methodological change to a new approach to eliciting values\0, the lead time TTO, meant that the lowest possible value for an EQ-5D-5L health state in the protocol used was -1 [15, 27] . In contrast, the minimum value was -39 in the Dolan study [3] , which was rescaled to -1. This therefore led to a reduction in the overall scale. The inclusion of DCE tasks in the EQ-5D-5L valuation also provides a different type of valuation data focusing on the choices between states rather than measuring direct values for states, as is the case with TTO. The development of innovative modelling methods combining TTO and DCE data in one model [28, 29] provides further reasons for differences in the value sets. The modelling process for the EQ-5D-5L data also developed heterogeneous models for the TTO data only [19] , and further work is underway to model the EQ-5D-3L valuation data applying the methods developed for the EQ-5D-5L [30] . It is also worth noting that a partial replication of the original EQ-5D-3L valuation study was carried out by Macran and Kind [31] . In this study, the authors used a smaller health state design, but a similar TTO process to Dolan [3] and estimated an EQ-5D-3L value set with quite different characteristics. For example, the value for the worst state was substantially higher (-0.126 vs -0.594), and the amount of negative states was substantially lower (12.3 vs 34.6%). This value set is more in line with other EQ-5D-3L value sets developed internationally [32] , and provides a useful counterpoint for comparisons between the value sets included in this study.
There are also large differences in the proportion of states valued as worse than dead (i.e. with a negative value) and the associated values assigned to these states, which has resulted in a smaller range for the EQ-5D-5L. One of the key criticisms of the EQ-5D-3L value set was the process used to value and subsequently model states worse than dead, which led to the large range observed [11] , which may not realistically reflect population preferences. The protocol for the development of the EQ-5D-5L value set introduced a new method for the valuation of states worse than dead, which bounded all observed values on a -1 to 1 scale [15, 17] . This has reduced the overall proportion of negative values and moved the anchor value of 0 (i.e. the state equivalent to dead). Further work could compare the characteristics of the health states that have values close to zero across different value sets.
However, the impact of the change in negative values on HTA is unclear, as it is not well established how often states that are worse than dead actually appear in costeffectiveness models. There are differences in the proportions of negative states in different conditions, where the proportion is similar across the EQ-5D-3L and EQ-5D-5L in Parkinson's disease, but quite different for multiple Fig. 6 Bland-Altman plots comparing EQ-5D-3L and EQ-5D-5L, and EQ-5D-5L and crosswalk scores Table 6 Comparing value set scores overall and across different conditions n/a n/a ADHA attention deficit hyperactivity disorder, COPD chronic obstructive pulmonary disease, SD standard deviation, Sev order most severe mean value for each condition (where 1 is the most severe), % SWD percentage of states worse than dead, Xwalk crosswalk sclerosis and COPD, for example. This might be due to changes in the magnitude of the decrement associated with the key dimensions for each condition. As the overall range of EQ-5D-5L values is smaller, the change in QALYs (for estimates generated from quality of life changes) might be reduced across the whole scale for states both better and worse than dead. This depends on the descriptive data, where respondents could show no change on the 3L (i.e. 'some' problems both before and after) whilst showing a change on the 5L (move from ''moderate'' to ''slight''), leading to higher QALY gains.
It is also useful to compare the scale of the English EQ-5D-5L value set with those from other countries that were developed using the same valuation protocol [15] . For example, the Dutch value set has a minimum value of -0.446, with around 15% of states valued negatively [33] . The Spanish EQ-5D-5L value set has a minimum value of -0.224 [34] . Differences between countries could be due to cultural differences in preferences as well as the use of different modelling approaches. Further work should compare EQ-5D-5L value sets from different countries in more detail.
It is unclear how the differences between the value sets indicated in both analysis of the estimates and patient data will impact the HTA process. This is because the utility values will be applied to both treatments and their comparators, and therefore to some extent the differences may be even, and the estimates of improvements in quality of life between arms of a clinical trial could be similar using the EQ-5D-3L or EQ-5D-5L value sets. The increased sensitivity of the EQ-5D-5L in terms of the addition of two extra response levels, and the change possible across the levels may also favour QALY gains even if the changes in utility are smaller. An added complexity is whether the gain is linked to improving quality of life or extending length of life, and the interaction between the two. This requires further investigation on clinical trial data, which is a key part of this programme of research, and has also been investigated by other researchers, who found different costeffectiveness estimates based on the value set used [20] .
There are also implications for the NICE reference case and further decision making based on their recently released position statement regarding the use of the EQ-5D-5L. The improvement in the methods used to both collect and model the valuation data and the increased use of the improved descriptive system make a strong case for the use of the new EQ-5D-5L value set. The EQ-5D-3L value set has benefits if the instrument is still being used in trials and other settings, but is based on societal preferences from decades ago. The crosswalk draws on the EQ-5D-3L values so is prone to the same issues as that value set. There is also the potential for 'gaming' where the crosswalk may be used instead of the EQ-5D-5L value set to potentially inflate QALY gains (as the utility range, and therefore change between states, is larger). One important point is how to compare results of cost-utility analyses using the EQ-5D-5L against those using the EQ-5D-3L and establish the cost per QALY thresholds that should be used. Further work is required to explore this.
The main limitation of this study is that we have not tested the impact of the value sets on any clinical trial data, which would have enabled us to directly compare QALY estimations. This would allow us to test some of the issues raised in data previously used for cost-utility analysis, and is the next planned stage of this programme of research. It will also be important to compare the psychometric performance, and impact on cost-utility analysis, of the EQ-5D-5L descriptive system and value set with those of other widely used generic measures. In particular, comparisons with version two of the SF-6D (SF-6Dv2) [35] , which has been valued using DCE with duration methods, would be useful.
Conclusions
In conclusion, we have demonstrated key differences in the theoretical and observed values from three EQ-5D value sets that can be used in HTA. The value sets will lead to differences, and the use of the EQ-5D-5L value set will have implications for the decision-making process carried out by NICE and may require revision to the guidelines used for the economic evaluation of health technologies.
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